Self-curing concrete SC is a concrete type that can be cured without using any external curing regimes. Tt can perform by several methods such as using lightweight aggregate or chemical agents. In this research chemical curing agent is used to produce SC. This paper reports the resuJts of a research study conducted to evaluate the effect of su I fates on the performance of se! f-curing concrete compared Io ord in ary concrete. Samples are immersed in sodium sui fate Na2S04 sol uti on of 4% concentration. Results are measured in terms of compressive strength, tensile strength, flexural strength and mass loss. It was found that the rate of strength loss is noticed at ordinary concrete compared to SC concrete. Sulfate resistance is improved when using self-curing concrete. This improvement appears to be dependent on using a chemical curing agent.
INTRODUCTION
Curing is the maintaining of a satisfactory moisture content and temperature in concrete during its early stages to produce a suitable structural concrete. The strength and durability of concrete will be developed only if it is cured as soon as required [l] . Curing methods involve either the introduction of water after placing or the reduction in the rate of evaporation from the surface [2] . An interna! curing "IC" system could be created by the introduction of a chemical curing agent du ring the mixing to reduce water evaporation in the concrete and make it effectively self-curing [3, 2] . A feasibility of curing concrete by adding water-soluble chemicals during mixing that reduce water evaporation during setting and hardening of the concrete, making it self-curing, was discussed by several researchers [4, 3, 5, 6] . The chemicals' abilities to reduce evaporation from solution and to improve water retention in hydrating Portland cement was monitored by measuring weightloss, X-Ray powder diffraction, and thermo-gravimetry. As internal curing maintains saturated conditions within the hydrating cement paste, the magnitude of internal self-desiccation stresses are reduced and long term hydration is increased. IC is particularly effective for the high performance concretes containing silica fume. In cement mortar containing a Type F (ASTM C494) fly ash, the fly ash functions mainly as a diluent at early ages and higher and coarser porosity at early ages result in less autogenous shrinkage [2, 4, 7, 8] . Concrete durability is the ability to last a long time without significant deterioration. Durability may be expressed in terms of sulfate or chloride resistance.
Sulfates present in soils, groundwater, sea water, decaying organic matter, and industrial effluent surrounding a concrete structure may permeate the concrete and react with existing hydration products. In the presence of calcium hydroxide (CH) and water (H), mono-sulfate hydrate (C3A·CS·H18) and calcium aluminates hydrate (C3A·CS·H18) react with the sulfate (S) to produce ettringite (C3A·3CS·H32) [9] . The conventional forms of sulfate attack occur where expansive ettringite together with gypsum has been formed due to the sources of sulfates such as sulfates or sulfides in the ground or due to the presence of mobile groundwater or calcium hydroxide, calcium aluminates hydrate and calcium silicate hydrate (for magnesium sulfate) in the cement matrix [10] .
The external sulfate attack "ESA" is characterized by the chemical reaction between sulfate ions with the aluminates component, calcium and hydroxyl of hardened Portland cement. The reaction leads to the formation of expansive ettringite and to a lesser extent, gypsum. The reaction, in case where there is enough water present, will cause expansion leading to cracking. This in turn will allow further ingress of sulfates and accelerate the degradation process. For ESA to occur, three conditions must be fulfilled: high permeability of concrete, sulfate-rich environment and presence of water. The ESA related damage manifests itself in several forms including cracking, spalling, loss of strength and adhesion. In hardened conventional concrete, the formation of ettringite by sulfate attack may result in expansion and lead to cracking of the concrete. The conditions under which ettringite formation produces damage in the concrete are uncertain. It should be noted that ettringite produced by the reactions described above occupies a smaller volume than the reactants occupied. Therefore, the reaction described above must not be responsible for the expansion. It is generally accepted that the expansion caused by sulfate attack is the result of particular mechanisms associated with the ettringite reaction or is the result of reaction other than the formation of ettringite. Gypsum, in addition to ettringite, can be produced during sulfate attack and is capable of producing expansion. Two particular mechanisms for expansion associated with the formation of ettringite have been widely published -the topochemical reaction mechanism and the swelling mechanism [11] . Sulfate attack can also take the form of a progressive loss of strength and loss of mass due to the loss of cohesiveness in the cement hydration products. The attack of sodium sulfates is performed as follow: Na2SO4 + Ca (OH)2 + 2H2O → CaSO4.2H2O + 2NaOH
The formation of sodium hydroxide as a byproduct of the reaction ensures the continuation of high alkalinity in the system, which is essential for the stability of the cementitious material C-S-H [12] .
Several durability tests were conducted on self-cure concrete specimens by many researchers [6, 13] .
It was found that the initial surface absorption, chloride ingress, carbonation, corrosion potential and freeze/thaw resistance characteristics were all better in air cured self-cure concrete than in the air cured control concrete. It may be possible to achieve such properties with higher quantities of selfcure chemical admixtures. In this experimental program, the SC specimens were cast without any curing, while the conventional concrete specimens CC, were cast by conventional procedures with substantial amount of curing water. To investigate the characteristics of compressive, tensile, flexure and bond strengths, samples were subjected to sulfate attack then tested.
RESEARCH SIGNIFICANCE
This research aims to investigate the long-term and durability performance of self-curing concrete SC compared to ordinary cured concrete CC subjected to sulfate attack. Main variable is sulfate attack time (0, 2, 4, and 6 months). The importance of this research is based on current research needs knowing the data addressing the long-term behavior of SC concrete. This research provides data for the engineers concerning the influence of using self-curing concrete in aggressive conditions, which contains sulfate ions.
MATERIALS AND TEST SPECIMENS
The following sections provide detailed description of the materials used, design of test specimens and testing procedures. The experimental program conducted in this study was performed in the laboratory of testing of building materials at the Faculty of Engineering, Menoufia University, Egypt.
MATERIALS CEMENT:
The cement used was the ordinary Portland cement CEM I N42.5, from the Suez cement factory. Its chemical and physical characteristics satisfy the Egyptian Standard Specification [14] .
FINE AGGREGATE:
The fine aggregate used in the experimental program was the natural siliceous sand. Its characteristics satisfy the E.S.S 1109/2008 [15] . It was clean and nearly free from impurities with a specific gravity of 2.63 t/m3 and a fineness modulus of 2.52. Its mechanical properties were shown in table (1) while its grading was shown in Table ( 
COARSE AGGREGATES:
The coarse aggregate used was crushed dolomite, which satisfies the ASTM C33 Specification [16] with a specific gravity 2.70 t/m3 and a fineness modulus of 6.64 with a maximum nominal size of 12.5 mm. The shape of these particles was irregular and angular with a relatively high percentage of elongated particles and a very low percentage of flat particles. SILICA FUME: It is a waste by-product of silicon and silicon alloys industry consisting mainly of non-combustible amorphous silica (SiO2) particles. Egyptian Ferro Alloys Corporation (EFACO) produced it. The chemical components analysis was shown in Table ( 2) and main properties were shown in Table ( 3). The silica fume used was met the main requirements of ASTM C 1240. CURING AGENT: The self-curing agent used in this study was Polyethylene glycol PEG200 as chemical agent in a liquid form for internal curing of concrete. It is free of chlorides and produces an internal membrane that protects and prevents fresh concrete against over-rapid water evaporation. 
CONCRETE AND TEST SAMPLES
Two concrete mixes were proportioned. The first concrete mix SC was self-curing concrete based on previous researches [5, 19, 6, 20] . Samples were cast using ordinary Portland cement, crushed dolomite with a maximum nominal size of 12.5 mm, graded sand with a fineness modulus of 2.40, silica fume as 15% of cement content, super-plasticizer "Addicrete BVF" as 0.07% of cement content [20, 6] , chemical curing agent "Poly ethylene glycol PEG200" as 2% of cement content [5] and tap water for the first concrete mix. The second concrete mix CC is normally cured concrete mix with the same proportions of the self-curing concrete mix but without additional chemical curing agent "PEG200" to produce the possibility to compare between the both mixtures. Samples were cast using two used concrete mixtures SC and CC. The second concrete mix CC was cured for 28 days. For each concrete mix, fifteen cube specimens, 100x100x100 mm, were prepared for evaluating the compressive strength. Fifteen cylindrical concrete specimens, 100 mm in diameter and 200 mm high, were prepared to evaluate the split tensile strength. They were tested for split tensile strength according to E.C.P. 203/2007 [18] . The flexural strength was determined according to ASTM C 293 using a mid-point loading method utilizing using fifteen 100x100x500 mm prismatic concrete specimens. To obtain bond strength, reinforcing bar push-down tests were conducted at various ages were used for each test throughout this study and the average values were reported. The samples of each were tested after 28 and after 56 days to determine the main mechanical properties for each mix including the compressive strength (fcu), tensile strength (ft), and modulus of rupture (fr) as well as bond strength. Table (7) shows the mechanical properties of the two mixes at 28 and 56 days. 
SULFATE ATTACK SIMULATION
The samples were immersed in sodium sulfate Na2SO4 solution. The amounts of added sulfates were computed to provide total dissolving sulfate ions of 4% concentration solution. It is worth mentioning that the selected concentration of sulfate ions was 10 times higher than that allowed by the E.C.P. [18] in order to accelerate the sulfate attack mechanism. The samples were immersed in that solution for 2, 4 and 6 months and then tested. Results were compared to control specimens.
203/2007
Crystals of salt were seen on the surface of samples due to evaporation of the solution. During this test both temperature and relative humidity were measured once a week. Statistical results showed that the temperature varied in the range 24-32 oC with an average of 28 oC, while the relative humidity varied in the range 65-73 % with an average of 69 %.
TEST RESULTS AND DISCUSSIONS

COMPRESSIVE STRENGTH TEST RESULTS
The compressive strength results are shown in Fig. 2 as a function of exposure time to sulfate attack.
It shows the variation in the cube compressive strength with time for SC concrete specimens, which were immersed in a 0.04 g/ml Na2SO4 solution (4% concentration) for 2, 4 and 6 months compared to CC concrete specimens at the same conditions. The first measurements of compressive strength were unable to show any significant changes in the mechanical properties of the specimens within the first 2 months of sulfate exposure time under the specific conditions adopted in this work.
Samples of conventional curing CC concrete are more sensitive to sulfate effect comparing to selfcuring SC concrete samples. That can be attributed to the presence of pores in CC concrete compared to SC concrete. For less than 2 months of immersion, the differences in the compressive strength of the specimens were small. The compressive strength is increased by about 3.5 and 4.2% for SC and CC concretes respectively. This result can be explained by the simultaneity of calcium hydroxide dissolution and C-S-H decalcification with sulfate diffusion in concrete, where the dissolution and decalcification dominated at early immersion times. However, after 6 months of immersion, the highest sulfate concentration was observed for CC specimens, whereas the SC specimens exhibited the lowest sulfate concentrations and with maximum loss of compressive strength by about 14 and 20 % for SC and CC concretes respectively. After 6 months, the compressive strength of SC and CC samples decreased. Samples became denser and thus the micro-structure was positively modified.
The cracks have been observed when a continual load is applied to specimens because the enlargement of the channels for sulfate diffusion into concrete which increases the sulfate diffusion rate. stage. This behavior can be attributed to the transport of sulfate ions into the pores of concrete where they reacted with hydration products to form expansive materials that blocked the pores, resulting in the development of micro-cracks and an interfacial transition zone at early immersion times;
consequently, the SC and CC became with more close pores and hence, the strength of the SC and CC specimens increased. However, when the concrete pores cannot provide the material expansion, the concrete properties are negatively impacted. In particular, if the volume of the expansive material produced by the sulfate ions is much greater than the pore volume, internal expansion stresses can create both micro-and macro-cracks. Thus, the strength decreased in the late stages of the specimen immersion in the Na2SO4 solution.
The strength loss increased as the exposure time increased. Thus, using self-curing agent prevented the ingress of sulfate into the concrete, whereas the sulfate diffusion rate increased in conventional cured concrete. These results are in an agreement with the observations of Emam (2012) and Vyawahare et al., (2014) [6, 13] discarding using different curing agents. Figure 3 shows examples of tensile strength measurements as a function of exposure time to sulfate attack. It shows the variation in the cylinder indirect tensile strength with time for SC specimens, which were immersed in a 0.04 g/ml Na2SO4 solution (4% concentration) for 2, 4 and 6 months. The results showed that the sulfate concentration at the specimens in all of the environments increased with the immersion time. Thus, sulfate diffused freely into the concrete from the external sulfate solution. The both types of concretes, CC and SC concretes, nearly behave the same in indirect tensile test as it behave in compression test. For 2 months of immersion, the tensile strength is increased by about 3.5 and 6.7 % for SC and CC concretes respectively. However, after 4 months the tensile strength decreased by about 5 and 7 % for SC and CC concretes respectively. After 6 months of immersion, the highest sulfate concentration was observed for CC specimens, whereas the SC specimens showed the lowest sulfate concentrations and with maximum loss of compressive strength by about 8 and 13.4 % for SC and CC concretes respectively. The strength loss was increased as the exposure time increased. As a result, the strength decreased in the late stages of the specimen immersion in the Na2SO4 solution. These results agreed with those of Wang et al. [21, 22] .
SELF-CURING CONCRETE UNDER SULFATE ATTACK
SPLITTING TENSILE TEST RESULTS
FLEXURAL TEST RESULTS
The flexural strength results are shown in Fig. 4 . The both types, CC and SC concretes, nearly behave the same in flexure. For 2 months of immersion, the flexural strength is increased by about 1.9 and 2.3 % for SC and CC concretes respectively. However, after 4 months the tensile strength decreased by about 3 and 16 % for SC and CC concretes respectively. After 6 months of immersion, the highest sulfate concentration was observed for CC specimens, whereas the SC specimens exhibited the lowest sulfate concentrations and with maximum loss of compressive strength by about 5 and 22 % for SC and CC concretes respectively. The strength loss was increased as the exposure time increased. 
EFFECTS ON CONCRETE MASS
No significant visible damage was detected with lower sulfate exposure time. Damages with higher exposure time were a little more severe but always related to the specimen's surface only. 
EFFECTS ON BOND STRENGTH
CONCLUSIONS
Based on the results obtained from the current research, the following main conclusions can be summarized:
1. Self-curing concrete behaved nearly identical to the same CC concrete but the self-curing SC concrete with chemical curing agent gives less strength values by about 8-10% comparing to conventional curing CC concrete.
2. Samples of conventional curing CC concrete are more sensitive to sulfate attack in comparison to the self-curing SC concrete samples especially when increasing exposure time.
3. The strength loss was increased as the exposure time increased but bond strength has improved (in the range of this study).
4. The durability is not affected much by using chemical curing agents for internal curing.
5.
The relationship between bond strength and compressive strength of CC concrete is more consistent than SC.
Finally, it is noticed that normal curing method seems to be the better method for curing providing satisfactory strength and durability [24, 13] . By using internal curing agents also we can achieve almost 90% strength and durability achieved by normal curing method without much attention. There is not major strength loss. Self-curing concrete can be used in urban areas of aggressive weather.
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